In this paper, we exploit a high school pilot scheme to identify the causal effect of advanced high school math on labor market outcomes. The pilot scheme reduced the costs of choosing advanced math because it allowed for a more flexible combination of math with other courses. We find clear evidence of a causal relationship between math and earnings for students who are induced to choose math after being exposed to the pilot scheme. The effect partly stems from the fact that these students end up with a higher education.
I. Introduction
Increased globalization has resulted in an increased focus on the efficiency of education systems and the accumulation of high-quality skills-such as math skills-in high-wage countries. As a result, there is much public discussion about the optimal curriculum in many countries around the world. This paper is devoted to the study of the effect of math, which is a core element of all curricula in primary and secondary schools.
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As a basis for policy discussion on changing high school curricula, hard evidence on the existence of the causal impact of math courses on labor market success is necessary. Policy recommendations are distinctly different depending on the conclusion. If we cannot reject the causal impact of math on outcomes relative to other subjects, the implication is that policy makers should consider an enhanced emphasis on math in high school curricula for all students. On the other hand, a rejection of the causal effect also dismisses the need for an enhanced math curriculum since it may lead to a potentially inefficient allocation of students and workers after high school.
In order to estimate the causal effect of math on earnings, a seminal paper by Altonji (1995) and its successors apply the curriculum of the average student from the high school in question as an instrument for acquired math qualifications. This instrument, however, is potentially invalid because the instrument is likely to be correlated with unobservables that reflect earnings. In this paper, we instead suggest using an instrument based on a Danish high school pilot scheme.
The pilot program was introduced prior to the comprehensive structural high school reform of 1988. The program was implemented prior to the reform as an experimental curriculum at some high schools from 1984-87. Without the pilot scheme, advanced math was only offered in tandem with advanced physics, which scared away a lot of students potentially interested in math. Some high schools received an exemption and were allowed to test a pilot scheme in which advanced math could be combined with chemistry, which meant that about one-third more students chose advanced math among those unexpectedly exposed to the pilot scheme.
The information we use is on the population of high school students from the cohorts 1984-87, which is available in a brand new register-based data set. We have information about detailed educational event histories and about individual labor market histories, including actual labor market experience, degree of unemployment, and income. The data set is augmented with information about parents, courses taken in high school, and high school grade point averages (GPA).
Our empirical investigation of the effect of high school math on labor market outcomes confirms the finding of Rose and Betts (2004) that math matters. However, Rose and Betts (2004) stress that it is not entirely clear whether their estimates reflect selection or causality, whereas we claim that we get close to an estimate of a causal effect due to the availability of a strong and valid instrument. We find that students who choose the advanced math course earn roughly 30 percent more than other high school graduates and that the dominant part of this earnings premium reflects a causal impact. We estimate a causal effect for the subgroup of the population induced to choose advanced math because they unexpectedly were exposed to a pilot scheme allowing them to combine advanced math with advanced chemistry instead of physics. As a consequence, the causal effect should be interpreted as the combined effect of taking advanced math and advanced chemistry.
The remainder of this paper is structured as follows: Section II surveys previous literature, while Section III describes the pre-1988 high school and the pilot scheme, which is central to the identification strategy of this paper. Next, Section V describes the data; Section V shows the results of the empirical analyses and, finally, Section VI concludes the paper.
II. Previous Studies
A causal effect of math on earnings may work through several channels: enhanced cognitive or noncognitive skills, changed preferences for higher education or enhanced productivity in completing a higher education. In this study we focus on the still unresolved issue of whether the causal effect is significantly larger than zero or not, rather than the specific reasons for the effect.
Cross-country studies investigate the impact of math on economic performance. Both Hanushek and Kimko (2000) and the more convincing followup study by Jamison, Jamison, and Hanushek (2007) , which uses a broader and longer data set, are concerned with the potential influence of the quality of education as measured by comparative math and science test scores on growth. They find that one standard deviation increase in the math test score leads to an increase in annual growth rates of 0.5-1.0 percentage points, which only makes sense if there are strong externalities related to accumulating high-quality human capital. Hence, cross-country studies indicate that there is a positive effect from high-quality math skills on economic growth, which they claim is causal. In line with a handful of earlier papers, we complement these studies by confronting their hypothesis with individual data.
A number of papers have studied the effect of high school curricula on individual earnings. Altonji (1995) pioneered this area of research. In a study based on the National Longitudinal Study of the High School Class of 1972 (NLS72), he uses the variation in curricula across U.S. high schools to identify the effects of coursework on wages and educational outcomes. He finds a negligible effect from specific coursework, including math. Altonji (1995) uses the curriculum of the average student from the high school in question as an instrument for the math qualifications acquired. However, as he points out, this experiment is not a clean natural experiment because the curriculum of the average individual at a given high school may be correlated with the average family background, primary school preparation, ability of the student body, and the quality of the courses. However, Altonji (1995) argues that the potential bias is positive, which means that the small effect of specific coursework that he finds may be interpreted as an upper bound. As an alternative, he tries to control for high school specific effects by including school-level observed variables and by including high school fixed effects (FE), which gives small curriculum effects that are slightly higher than the effects estimated by IV. Levine and Zimmerman (1995) use a similar approach. They find slightly stronger effects when comparing the results of analyses based on the National Longitudinal Study of Youth (NLSY) with analyses of the 1980 cohort from High School and Beyond (HSB). However, any potential effects are still restricted to certain subgroups (men with a low education and highly educated women), which raises doubt about the existence of the causal impact of coursework on labor market outcomes. Rose and Betts (2004) use data for the 1982 cohort from HSB, which is an immense improvement upon earlier studies for several reasons. First of all, the transcript data for the sampled individuals are more detailed than those used in the earlier papers. Second, the individuals are observed when in their thirties rather than in their twenties, and finally, the individuals are observed after the huge increase in college premiums around 1990. Rose and Betts (2004) find that math matters. They disaggregate math into six courses, and estimate the return on each of the six math courses compared to the average curriculum. They perform a whole battery of robustness checks using OLS, Altonji's IV, and school fixed effects. The most robust conclusion across all the tests is that course credits in algebra/geometry significantly increase earnings.
As the authors themselves are aware, it is unclear whether the results of the previous studies (Altonji 1995; Levine and Zimmerman 1995; Rose and Betts 2004) reflect selection or causality. Our study improves upon these studies by getting closer to the causal impact of math while applying a better instrument for acquired math qualifications. We use an instrument based on a pilot scheme implemented for the cohorts starting in the Danish high school before the structural reform of 1988. In the following subsection we describe the context of this pilot program.
III. Pre-1988 High Schools and the Pilot Program
From 1961 through 2005, a central distinction has been made in the Danish high schools 2 between educations centered on mathematics (''math track'') and on language studies (''language track''). Our focus is on the ''branch-based'' high school system that existed from 1961 to 1988, where courses were grouped in restrictive course packages. We focus on this period for two reasons: First, the supply of course packages provides us with exogenous variation in the cost of acquiring advanced math qualifications due to the gradual introduction of a pilot program. Second, the focus on individuals attending high school in the pre-1988 system means that our data set includes labor market outcomes for the individuals when they are in their thirties.
In this section we describe aspects of the relevant high school system first, including the pilot program. Then, we describe the construction of an instrumental variable based on the pilot program.
A. Math in pre-1988 high schools
The pre-1988 system implied that upon high school graduation students would have completed one of the three math levels available: high-(A), intermediate-(B), or low-level (C). The objective of the high-and intermediate-level math courses, which 2. When we refer to the Danish high school, we mean ordinary high school, the traditional academic track. Denmark also has high schools with technical and business tracks along with other high school equivalent educations. About 60 percent of high school students from the relevant cohorts attend the ordinary high school.
were available for the math track students was: ''to teach them a number of mathematical concepts and ways of thinking, to prompt their sense of clarity in expressions and logical inference in proofs, to enhance their imagination and ingenuity, to let them practice handling case studies (including execution of numerical arithmetic), and to provide familiarity with applications of mathematics within other fields. '' 3 The objective of the low-level math course for language track students was partly to provide them with an introduction of the mathematical methods and partly to give them some mathematical tools that could be useful to them later.
In Figure 1 , we summarize the contents of the three types of math courses available. The main difference between the high-level and the intermediate-level math is that geometry (Core Subjects 5 and 6) is not taught in the intermediate-level course. Furthermore, some subjects were treated differently when taught at the intermediate course level compared to the high-level course. In the low-level math course, the content was reduced to elementary functions, combinatorics and probability theory, and infinitesimal calculus. In the empirical analysis, we distinguish between whether individuals take the highlevel math course, which means intermediate-and low-level courses are lumped together, providing a binary indicator for choosing high-level math (MathA). In addition
Figure 1
Overview of the Content of Math Courses to the number of lessons, the main difference between the high-level and the intermediate-level math course is geometry. According to Rose and Betts (2004) , algebra and geometry are the mathematical subjects that most reliably give a consistently positive effect on future earnings. Therefore, if there is a causal effect of math, we expect it to show up in this set-up.
B. Structure of pre-1988 high schools
The high schools attended by the pre-1988 cohorts were structured as follows: Upon entry, the students chose between the math track and the language track. After the first year, they chose one of the eight branches that are summarized in Figure 2 :
Figure 2
Overview of the Branch-Based High School socsci-languages, music-languages, modern languages, classical languages, mathsocsci, math-natsci, math-music, or math-physics. Students enrolled at a pilot school also had the option to choose the math-chemistry branch. Language track students could choose between the first four course packages, while math track students could choose between the last four branches (or five, if they were at a pilot school).
As is evident from Figure 2 , the only way to obtain the high-level math course was to opt for the math-physics branch, unless you were enrolled at one of the pilot schools that offered the math-chemistry branch. The increased course flexibility at the pilot schools gave students an added incentive to choose high-level math since the students were not necessarily compelled to choose high-level physics, which is considered a tough course. The pilot scheme was implemented as an experimental curriculum at some high schools prior to the 1988-reform. Table 1 gives an overview of the gradual implementation of the pilot scheme from 1984-87. The table is divided by types of high schools: schools with no pilot scheme (PilotSchool¼0), schools where the pilot scheme was introduced after enrollment of the relevant cohort (PilotSchool¼1 & PilotIntro¼1), and schools where the pilot scheme was implemented prior to enrollment of the relevant cohort (PilotSchool¼1 & PilotIntro¼0). Furthermore, the table lists the percentage choosing high-level math for each cohort in each school type (MathA¼1). The pilot scheme allowed for a more flexible combination of advanced math with other high school courses, which meant that about one-third more students among those who unexpectedly were exposed to the pilot scheme chose advanced math.
Schools were not randomly assigned to become pilot schools. Instead, from 1984-86, they could apply to the Ministry of Education for permission to adopt the experimental curriculum, whereas in 1987, the high school principals could make this decision without approval from the ministry. From 1984-87 roughly 50 percent of the high schools adopted the experimental curriculum, and those schools were evenly spread geographically. It is not possible to check whether the pilot schools represent a sample of schools which is essentially random with respect to math ability. Individuals attend high school by applying to the ones they would prefer to attend. If admission is not granted by the school preferred, the application is subsequently sent to the applicants' second priority. All students who have completed nine years of compulsory schooling may be admitted either directly or after passing an entry exam. All qualified applicants are guaranteed admission to a school in the county they live in.
If schools currently offered the math-chemistry branch, this would be advertised in the marketing material, allowing students to take this into account when they filled out their applications. In their application letters, students could indicate that they 5. Albaek (2003) backs up this conclusion with a simple theoretical model in which he analyzes the effect of restricted course packages on the choice of high school courses in a framework where the student maximizes his or her future probability of being accepted at a university, which is assumed to be based on GPA. This approach is consistent with the Danish postsecondary schooling system that screens students based on their GPA and which courses they took in high school. (PilotSchool¼0), schools where the pilot scheme was introduced after enrollment of the relevant cohort (PilotSchool¼1, PilotIntro¼1), and schools where the pilot scheme was implemented prior to enrollment of the relevant cohort (PilotSchool¼1, PilotIntro¼0).
preferred a given school due to the advertised option of choosing the math-chemistry combination after the first year. For the very first cohort exposed to the introduction of the math-chemistry combination at a given school, however, no advertising took place prior to making enrollment decisions, which means that the availability of the additional course combination could not have affected where students attended schools. Table 2 compares the characteristics of the student body at pilot schools with the student body at nonpilot schools. We distinguish between students at pilot schools where the pilot scheme was unexpectedly introduced after they had enrolled in the high school (PilotSchool¼1 & PilotIntro¼1), and those who knew that the school was a pilot school before they applied (PilotSchool¼1 & PilotIntro¼0). The table reveals that the parental background of students who were unexpectedly exposed to the pilot scheme is less favorable than that of students at nonpilot schools (Column 2) and less favorable than that of students who were expectedly exposed to the reform (Column 3). This is true both for the parents' income and their education. Therefore, if anything, it seems that the schools that chose to implement the pilot scheme had a negatively selected sample of students rather than the opposite.
In the empirical analysis, we define an instrument that exploits the fact that some students were unexpectedly exposed to the pilot scheme. This instrument is described in the next subsection.
D. An instrumental variable based on the pilot program
The pilot scheme reduces the opportunity cost of choosing high-level math since the students exposed to the scheme are not required to take the physics course together with advanced math. Hence, first-year high school students enrolled at a school when it decided to introduce the pilot scheme were exposed to an exogenous cost shock. As documented in Table 1 , this cost shock induces more students to choose high-level math compared to students at nonpilot schools. If the selection of newly participating schools is exogenous with respect to student ability, the pilot scheme may be seen as a natural experiment which provides exogenous variation in students' math qualifications without influencing the outcomes of interest other than through the effect on math qualifications. In the empirical analysis we account for the potential selective participation of schools into the pilot program by adding controls that pick up qualifications of the local students; that is regional indicators and average characteristics of the student body at the school prior to 1984 when the pilot scheme started.
The instrumental variable, PilotIntro i , is equal to one if the individuals enrolled in a high school which afterward decided to introduce the experimental curriculum for the first time and takes the value zero otherwise. This instrument is valid if the pilot program is as good as randomly assigned to schools and if individuals are as good as randomly distributed across schools that have not yet decided to introduce the experimental curriculum. This assumption is violated only if the school decides to participate in the program based on the math ability of local students. The instrument is strong if the unexpected introduction of the scheme induces students to choose advanced math, as Table 1 indicates that it does. The instrument satisfies the monotonicity condition if individuals who chose advanced math when it could only be combined with physics also would have chosen high-level math if they had unexpectedly The first column of numbers shows the overall mean, the second column shows the differences between the characteristics of students who were unexpectedly exposed to the pilot scheme and students at nonpilot schools, while the third column shows the differences between the characteristics of students who were unexpectedly exposed to the pilot scheme and those expectedly exposed to the pilot scheme.
had the option of also combining it with advanced chemistry. We are confident that the monotonicity assumption is reasonable in our application since all the options available at nonpilot schools also were available at schools that introduced the pilot program.
6
Our instrument exploits the exogenous variation in the exposure of students to the possibility of combining advanced math courses with advanced chemistry. Hence, the ''treatment'' that we investigate is the combined treatment of advanced math with advanced chemistry. Because advanced math and advanced chemistry are combined in a course package, we cannot separate the effect of advanced math from that of advanced chemistry or from the potential synergy effect of the combination of math with chemistry. However, the earlier literature suggests that if any specific course work matters, it is math rather than science courses that do so.
7
Section IV identifies the effect of math on earnings for the compliers; that, is the group of students who were induced to choose math because they were allowed to combine advanced math with advanced chemistry rather than physics. The compliers are unidentifiable as they consist of a combined group of people who would otherwise have preferred to take an intermediate-level math course in combination with either advanced social science, advanced biology, or advanced music courses (see Figure  3) . Although unidentifiable, we find that the compliers are indeed a policy-relevant subgroup of students.
8 Supplied with the option of choosing advanced chemistry,
Figure 3
Distribution of Branch Choices, by PilotSchool and PilotIntro 6. Consult Imbens and Angrist (1994) and Heckman, Lalonde, and Smith (1999) for details about the three IV assumptions. 7. See Altonji (1995) , Levine and Zimmerman (1995) , and Rose and Betts (2004). 8. See Heckman (1997) .
the complying students end up with advanced math and advanced chemistry, potentially leading them to a different future career choice.
IV. Data
For our empirical analysis we use a brand-new rich panel data set comprising the population of individuals starting high school from 1984-87 in Denmark. The data are administered by Statistics Denmark, which has gathered the data from different sources, but mainly from administrative registers, particularly for the purpose of this paper.
For each individual, we have data from complete detailed educational histories, including detailed codes for the type of education followed (level, subject, and educational institution) and the dates for entering and exiting the education, along with an indication of whether the individual completed the education successfully, dropped out or is still enrolled as a student. Furthermore, we have information on the branch choice in high school and on high school GPAs. 9 The GPA is a weighted average of final exam grades for each course. Both the quality of the courses and the GPA are comparable across high schools since monitoring high schools is centralized at the Ministry of Education. Furthermore, all high school students within each high school cohort take identical written exams, while oral exams and major written assignments are evaluated both by the student's own teacher and an external examiner assigned by the Ministry of Education.
Note that there are no tuition fees for education in Denmark, and all students 18 years and older receive a study grant from the government that suffices to cover living expenses.
10 Students living with their parents receive a reduced grant, but the grant is independent of parental income, educational effort, and achievement as long as the student is less than one year behind the prescribed norm.
We have yearly observations on labor income (earnings), gross income, and net income for 1997-2000. All incomes are observed at year-end and deflated to real values measured in DKK in 2000 using the average wage index for the private sector. Other individual background variables used in our estimations are gender and actual labor market experience (including a squared term). The parental background variables used include: A set of mutually exclusive indicator variables for the level of highest completed education of the mother and father, respectively, and their income as observed at the end of the year before the individual started high school.
Among the gross population of high school entrants for 1984-87, only high school graduates who finished in three years are selected.
11 Furthermore, we exclude individuals with missing labor market income 13 years after starting high school; hence, 9. In Denmark at that time a 13-point numerical grading scale system was used. The possible grades were 00, 03, 5, 6, 7, 8, 9, 10, 11, and 13 ; where 6 is the lowest passing grade, and 8 represents average performance. 10. Until 1996, the age limit was 19. 11. Our observations indicate that 18 percent enter high school without finishing in three years. The distribution of dropouts is fairly equal across cohorts, across math and language tracks, and, most importantly, across pilot schools and nonpilot schools. Most of students drop out during their first year, hence before attending the advanced math course. individuals who have left the country, died, are unemployed full-time year-round, or out of the labor force are excluded. Since students with high-level math are less likely to be unemployed or nonparticipants than others (see the next section), excluding individuals with missing incomes potentially introduces a negative bias on the parameter of main interest, meaning that our conclusion becomes conservative.
12 After the restrictions, the sample contains observations on 57,636 high school graduates, which makes about 14,000 graduates per cohort coming from about 140 different high schools, see Table 1 .
A. Descriptive statistics
The descriptive statistics are shown in Tables 1-3. Table 1 gives an overview of the gradual implementation of the pilot program as well as the math choices of students at the high schools. Table 2 shows summary statistics of all background variables as well as the difference in these variables across school types, while Table 3 shows summary statistics of various outcome variables across school type as well as the differences by math level. Table 1 shows that the proportion of the 1984 cohort that chose high-level math at the schools who unexpectedly provided the math-chemistry combination (PilotSchool¼1 & PilotIntro¼1) is 32.5 percent, whereas it is only 24.8 percent at the schools only offering the math-physics combination (PilotSchool¼0). The proportion that chose highlevel math at the nonpilot schools gradually declined from the 1984 cohort to the 1987 cohort, which indicates that students interested in math self-select into the high schools advertising that they offered the pilot scheme. On average, the difference in the proportion choosing high-level math at the schools unexpectedly offering the pilot program and the proportion choosing math at the nonpilot schools is 10 percentage points. Tables 2 and 3 show that students who attended a pilot school have more favorable individual characteristics (apart from family background) than the students who attended nonpilot schools. The most favorable characteristics exist for students at schools who advertised their pilot status (PilotSchool¼1 & PilotIntro¼0), while the least favorable characteristics are found for individuals at nonpilot schools. Students who were unexpectedly exposed to the pilot scheme (PilotSchool¼1 & PilotIntro¼1) had 0.06 years more education and 2 percent higher earnings, on average, than the average graduate from a nonpilot school, while students who were expectedly exposed to the pilot scheme (PilotSchool¼1 & PilotIntro¼0) had an additional 0.23 years of education and an additional 3 percent higher earnings. The (raw) Wald estimate of the effect of math on earnings is 0.2 (¼.02/.10) without controlling for any explanatory variables. Table 3 reveals that the group of individuals choosing advanced math have more favorable characteristics no matter what the school type and that this group of students stands out even more at the nonpilot schools, where the students are compelled to take advanced physics in order to take advanced math than they do at any of the 12. Our observations indicate 10 percent have missing labor income. They are distributed fairly equally across pilot and nonpilot schools and the estimation results are not sensitive to including these individuals with zero labor income. two school types offering the pilot program. High-level math students have higher high school GPAs and more high-level math students attend and complete a higher education at any level. Aside from having higher completion rates, high-level math students also complete a given educational level at a faster rate. Hence, high-level math students seem to be more efficient in the higher educational system. In addition, they are more successful after entering the labor market as they are unemployed less and earn more. High-level math students' log earnings are 0.30 higher than the earnings of other high school students. As a point of reference, the math log earnings gap is more than five times larger than the gender log earnings gap for these high school graduates. Hence, we set out to find out whether this huge earnings gap is due to the fact that students become more productive on the labor market because they took the high-level math course or because the students with more favorable unobservable characteristics selected the high-level math course.
V. Results
In this section, we present our estimation strategy first, then we go through the main results, and, finally, we briefly present additional results as well as robustness tests. Let MathA i be an indicator for whether individual i chooses the high-level math course, and let Y i be the log earnings of individual i. We estimate the following log earnings equation:
where X i is a vector of characteristics of individual i. This vector includes individual characteristics, family background, cohort, and regional as well as school characteristics. Importantly, we always control for pilot school status, PilotSchool i , to allow for potential selection into pilot schools. The indicator variable for whether individual i chose the high-level math course in high school, MathA i , is potentially endogenous since unobserved variables most likely exist affecting both earnings and the choice of high-level math. We assume that individuals chose high-level math if the expected gains exceeded the expected costs of the investment, that is if Y i1 -Y i0 -C i $ 0, where Y i1 denotes log earnings of individual i if MathA i ¼ 1, and Y i0 denotes log earnings if MathA i ¼ 0. The costs of attending the high-level math course, C i , also may include effort and psychological costs. The causal effect of attending the high-level math course is given by Y i1 -Y i0 . Since we observe only one of these for each individual, we need to impose assumptions in order to identify the treatment effects of attending the high-level math course. We use PilotIntro i as the instrumental variable that (exogenously) affects the costs of choosing high-level math without affecting future earnings through other channels than the likelihood of choosing high-level math. PilotIntro i is equal to one for individuals who were unexpectedly exposed to the experimental curriculum because the school introduced it for the first time and takes the value of zero otherwise. Assuming that the selection of schools into the pilot program is as good as random (after controlling for X i ), the variable affects earnings only through its effect on the costs of choosing high-level math.
The outcome variable, Y i , is (yearly) log earnings 13 years after starting high school. At that point in time, individuals, on average, have been on the labor market for about five years, and hence are likely to be settled into their careers. The preferred income measure would be lifetime income, which is impossible, however, to compute for our sample of individuals in their thirties. 13 We use the Heckman two-step estimator to obtain consistent estimates of the causal effect of high-level math on earnings, d. Our main results estimate the total effect of math on earnings while leaving out postgraduation control variables. In this way, we give high school math credit for income increases that result from its effect on GPA, investments of time and money in higher education and labor market experience. However, after the main part of the analysis at the end of this section, we briefly look at direct and indirect effects.
A. Main results
In Table 4 , we present the estimates of the effect of math on earnings by OLS and IV.
14 On the left hand side of the table, the results from OLS show that students who complete the high-level math course in high school receive 0.30 log points higher earnings on average. This number is reduced to 0.23 when we control for gender. Additional controls for parental background variables, region, cohort, and school indicators leave the parameter unchanged.
On the right hand side of the table, we present the results from IV estimation using the instrument PilotIntro i . The IV estimates are generally smaller than the OLS estimates as would be expected in the event of a positive selection of students into the advanced math course. The IV estimate without explanatory variables other than PilotSchool i shows a statistically insignificant effect of 0.16 of advanced math on earnings. This number increases to 0.28 and becomes significant when we control for gender. This indicates an interrelationship between gender and preference for the pilot scheme. 15 The standard high-level math course package, math-physics, seems to primarily appeal to boys, while the pilot program, math-chemistry, to a larger extent also appeals to girls. When we control for parental background variables, region, cohort, and school indicators, the effect of advanced math declines to 0.2. This leads to the main conclusion of the paper, namely that the causal impact of math on earnings is significantly positive with a magnitude around 20 percent. This parameter should be interpreted as a local average treatment effect (LATE) identifying the effect for the subgroup of individuals who were induced to choose advanced math when they unexpectedly gained the opportunity to combine advanced math with advanced chemistry instead of advanced physics. 16 The estimated LATE parameter may or may not be equivalent to the average treatment effect (ATE) or the average 13. The analysis has been done using three different income measures: gross income, net income, and labor market income. Furthermore, we have looked at income 12, 13, and 14 years after starting high school, respectively. Our qualitative results are robust to the change of income measure and year. 14. We also have estimated the model by using the instrument suggested by Altonji (1995) , where the estimated effect of math is then slightly larger than in the OLS. 15. Our data material does not allow for a separate analysis by gender. 16. See Imbens and Angrist (1994) . treatment effect on the treated (ATET). 17 However, the LATE estimates the treatment effect of a policy-relevant subgroup of students. 18 The magnitude of the estimate is large and indicates that choosing the math-chemistry branch increases earnings by 20 percent relative to the earnings of an average high school student without advanced math. Hence, if the rate of return for a year in high school is 8 percent, the rate of return may be for example 7.5 percent per year for an average student without advanced math, while it would be 20 percent larger, that is 9 percent per year, for a student who was induced to choose advanced math when faced with the possibility of combining it with chemistry.
B. Additional results and tests
In this section, we present additional results as well as various tests of the robustness of our results and the validity of the pilot scheme based instruments. We use Specification 8 from Table 4 as our benchmark case and add controls and perform tests treating this specification as our preferred specification.
Adding postgraduation controls
Our main results estimate the total effect of math on earnings where postgraduation control variables are left out. In this way, we give high school math credit for direct as well as indirect effects on income. In Table 5 , we briefly present the results of estimation after controlling for postgraduation controls in order to gain insight into the direct as well as indirect effects of math on earnings through educational choice and experience.
When we include measures of length of further education, the effect of math disappears (and goes from 0.21 to 0.03), which indicates that the effect of advanced math mainly goes through the increased probability of acquiring a higher education. Individuals who were induced to choose high-level math because they were unexpectedly exposed to the experimental curriculum end up with longer educations than they otherwise would have gotten. We conclude that the main part of the causal effect of math on earnings is an indirect effect which goes through the effect on length of education. This effect may stem from changed preferences for length of education, or it may stem from improved skills for completing a longer education. 19 When we include measures of the subject of further education, the effect of advanced math increases again to 0.18, which indicates that the compliers do not necessarily choose more favorable subjects of study.
Overidentification tests
In Table 6 , we exploit the fact that the pilot program was implemented gradually to tests for overidentification. We create four new instrumental variables which allow us 17. For discussion of treatment effect homogeneity, see Angrist (2004) and Heckman, Lalonde, and Smith (1999). 18. See Heckman (1997) . 19. In a U.S. context, Arcidiacono (2004) finds that individuals with high math ability prefer the subjects and the jobs associated with lucrative majors. to perform some tests of overidentification. Each new instrument is a cohort dummy interacted with PilotIntro i . We start with the benchmark specification and then we include three interaction terms as instruments, while the fourth interaction term is included as a control variable. Then we test the overidentifying assumption using a t-test. We find that each of the interaction terms between cohort 1984-86 with PilotIntro i may be left out of the outcome equation, while the interaction term between cohort 1987 and PilotIntro i cannot. Thus, we cannot reject the hypothesis that the students at schools that implemented the pilot program in 1987 had lower earnings than others for reasons unrelated to the pilot program or their math qualifications. Therefore, we must conclude that this instrument is not valid (under the assumption that the other three instruments are valid). Remember that the schools which implemented the pilot scheme in 1987 for the first time were allowed to make the decision without prior approval by the Ministry of Education. Our results indicate that these schools were negatively selected. As a consequence, the estimated impact of advanced math in the main part of our analysis is biased downward due to the fact that some of the affected students were systematically negatively selected. Therefore, we need to revise our main estimations and exclude the 1987 cohort.
Revised main results
In the previous section, we saw that our instrument is not valid for students entering high school in 1987 (based on the assumption that it is valid for the other cohorts, 1984-86), and that it introduces a negative bias on the estimated impact of math on earnings. In Table 7, we replicate the results from Table 4 while leaving out the 1987 cohort. We find that the causal effect of math on earnings as estimated from the IVestimations is higher in all specifications. For Specification 8-10, the point estimate is around 0.25 compared to 0.20 in Table 4 . However, the difference is not statistically significant.
Further robustness test
In all the previous estimations, we have added the variable PilotSchool as a control variable to allow for the potential self-selection of students into schools that advertised that they were participating in the pilot scheme. However, the coefficient to the variable PilotSchool in the outcome equation is estimated to be statistically insignificant. 20 We may regard this as a test of overidentification, and thus, contingent on PilotIntro being a valid instrument, we may conclude that PilotSchool is also a valid instrument. Although, students may self-select into pilot schools based on the unobserved math ability, it seems that this type of selection is not severe enough to make PilotSchool an invalid instrument. Other reasons for selecting a specific high school, such as travel distances and social issues, are apparently more important.
In this section, we present robustness tests using PilotSchool as an instrument as well as DistPilotSchool, which is an accurate measure of the difference in the distance by road to the nearest high school offering the pilot scheme and the other nearest high 20. The point estimate is always positive, as would be expected in case of positive selection. However, the estimate is insignificant in all IV estimations and in the OLS estimations with many control variables. 
(8) school. Furthermore, we also use the interaction term between the two as an instrumental variable. We restrict the analysis to the population of students in the 1986-87 cohorts, since an accurate distance measure is only available for these students.
In Table 8 , we present the results from the different applications of these instruments. The upper panel shows the results from using either PilotSchool or DistPilotSchool as an instrument for advanced math, whereas the lower panel shows the results from exploiting the potential overidentification from having three instruments available. The results are displayed for two specifications: (1) no controls, (2) controlling for gender, parental background, and county indicators (corresponding to the preferred specification in Table 4 ).
In the upper panel, we see that the estimated impacts of math on earnings are estimated to be 0.12 and 0.19, respectively, when we use PilotSchool and DistPilotSchool as instruments and include control variables. Both estimates are comparable in magnitude and not significantly different from the estimate of 0.21 that we obtained when using PilotIntro as an instrument, although they are only borderline significant (the p-values are 0.06 and 0.11, respectively).
In the lower panel, we use one instrument at a time and include another instrument as a control variable. These results indicate that PilotSchool is the preferred instrument, because the estimates of the causal effect of math applying PilotSchool as an instrument are not very sensitive to including DistPilotSchool as a control, as opposed to the other way around. Columns 5 and 6 present the results of an IV estimation using the interaction term PilotSchool Á DistPilotSchool as an instrument. If tastes for math depend strongly on preferences for PilotSchool, then PilotSchool Á DistPilotSchool should have an effect on high-level math choices that is independent of the separate effects of PilotSchool and DistPilotSchool. In particular, math choices are likely to be much more sensitive to DistPilotSchool for individuals with a preference for PilotSchool. However, we find that this is not the case. Applying PilotSchool Á DistPilotSchool as an instrument while controlling for PilotSchool and DistPilotSchool, we find that the instrument is insignificant in the first stage in all specifications. Furthermore, PilotSchool and DistPilotSchool are highly significant in the first stage equation, but insignificant in the outcome equation. Hence, these results corroborate that which high school is chosen is not-to a significant extentdriven by preferences for PilotSchool.
VI. Conclusion
Knowing the causal effect of math on labor market and educational success is imperative for an informed debate about high school curricula. In particular, this information is important in order to shed more light on issues such as the decisions about which coursework should be mandatory and which should be optional, and about the minimum required level of math taught in high school.
In order to estimate the causal impact of math, we employ a new instrument based on a pilot scheme in Danish high schools in the pre-1988 system, which reduced the costs of taking advanced math. We use data for the 1984-87 high school cohorts that include information on educational event histories, demographics, and parental background variables. This table shows estimates of the effect of high level math on log labor income thirteen years after starting high school using the sample of high school graduates from the 1986-87 cohorts. The three different estimation strategies are: IV using an indicator for starting high school with the option of choosing high level math in an experimental curricula, PilotSchool, as an instrument; IV using the difference between the shortest distance by road to the nearest high school with an experimental curricula and the nearest high school, DistPilotSchool, as an instrument; and IV using the interaction term PilotSchool*DistPilotSchool as an instrument for math qualifications. There are two distinct specifications for each estimation strategy, corresponding to the Columns 1 and 3 in Table 4 . They differ by the explanatory variables included and Ô+Õ indicates which sets of explanatory variables are included in the estimation. The upper panel displays the estimation results corresponding to Table  4 as a point of reference, while the lower panel shows the estimates from the corresponding specifications including the alternative instrument as a control variable. In each panel, the top row provides the parameter estimates of the causal effect of MathA on log labor market income and the standard errors (in parentheses), and the bottom row provides the parameter estimates regarding the instrument in the first-stage MathA selection equation, the standard errors (in parentheses), and marginal effects [in square brackets]. Numbers written in bold indicate that the parameter is significant at the 1 percent level.
It is well known that students who choose high-level math courses have more favorable characteristics on average. In particular, we find that they have a 30 percent higher labor income 13 years after high school of which the main part is a causal effect of math on earnings. The causal effect of math is estimated to be 20-25 percent higher earnings. The main part of the effect is indirect and goes through choice of higher education. Hence, the individuals affected by the instrument either seem to change their preferences for education, or acquire skills that make them more efficient in acquiring a higher education.
Although informative for the political debate, it is important to note that our conclusion might not hold irrespective of age, time, and country. However, we judge that the pilot scheme that we exploit for identification represents a more valid natural experiment than previous studies and that it represents a policy relevant experiment, which may be informative in a broader context than that of a Danish high school reform. Hence, we interpret our results as adding to the scarce empirical evidence of the existence of a positive causal impact of math on earnings.
